Background: Controversy exists over the extent of surgical treatment of papillary thyroid cancer. Reoperations may carry a significant risk of surgical complications. The aim of this study is to investigate the complications following surgical treatment of thyroid cancer and the association between the extent of surgery and complication rates. Methods: A total of 196 patients with papillary thyroid cancer were retrospectively reviewed to identify extent of surgery and associated complications, between 2009 and 2018 at South Egypt Cancer Institute Assiut University. Results: Primary procedures included less-than-total thyroidectomy (near total thyroidectomy in 5.1%, subtotal thyroidectomy in 4.1%, thyroid lobectomy in 3.1%) and total thyroidectomy in 87.8% (18.9% of them are completion thyroidectomy). No lymph nodes dissection was done in 10.7%, Berry picking in 6.1%, central compartment neck dissection in 41.8%, central compartment neck dissection with modified ipsilateral radical neck dissection in 12.2%, central compartment neck dissection with modified bilateral radical neck dissection in 26.0%, central compartment dissection with both modified bilateral radical neck dissection and superior mediastinal lymph node dissection 3.1%. The most common surgical complication were transient hypoparathyroidism (16.7% -45.8%) and 2.0% permanent, transient vocal cord palsy (7.3% -16.7%), and 3.9% permanent, hematoma 1.5%, seroma 7.1% and chyle fistula in 2.6% of patients. Conclusion: Thyroid cancer surgeries are safe. The transient complication rates of hypoparathyroidism increased significantly with increasing the extent of surgery.
Introduction
Papillary thyroid carcinoma (PTC) accounts for >80% of all thyroid malignancies and is the most indolent form of the disease [1] . The overall prognosis is excellent, with 5-year, 10-year, and 20-year survival rates of 94%, 89%, and 87%, respectively. Cervical lymph node metastasis occurs frequently in PTC (10% to 15%) with more aggressive biology and requires treatment with more aggressive regimens [2] . Optimal extent of thyroid resection and lymph node dissection (LND) remain controversial [3] . Based on the extent of disease, total thyroidectomy or less-than-total thyroidectomy is chosen. Central compartment LND is usually performed with thyroidectomy on prophylactic base, whereas lateral LND is performed only in patients with clinically evident nodal metastasis.
Extended resection is reported to improve survival rate and decrease recurrence rate however, significantly increased complication rates [4] . The complications of thyroid surgery correlate proportionally to the extent of thyroidectomy and inversely to the surgeon experience. Some of the complications may result in worse outcome than the disease itself such as recurrent laryngeal nerve injury, or permanent hypoparathyroidism [5] . We, therefore, investigated surgical complications after thyroid cancer surgery and the association between the extent of surgery and complication rates.
Patients and Methods
We conducted a retrospective analysis. The medical records of 196 with PTC patients in south Egypt cancer institute, Assiut University, 10 years between January 1, 2009 and December 31, 2018, were reviewed. This study was approved by the Ethical Committee. Data collected included patient demographics and operative details such as the extent of thyroidectomy and the extent of LND.
Surgery: A total thyroidectomy was performed if contralateral thyroid nodules, extra-thyroid extension, cervical lymph node involvement, and a firstdegree family history of thyroid carcinoma. A less-than-total thyroidectomy (Near-total ( Figure 1(a) ), Subtotal or Lobectomy) was selected for patients with small, isolated, intrathyroidal carcinomas without gross nodal involvement.
Extent of neck dissection includes berry picking was to remove only suspicious and enlarged lymph nodes, central neck compartment (level VI) ( Figure   1 Post-operative complications: Postoperative complications including hypoparathyroidism, recurrent laryngeal nerve (RLN) injury or palsy, bleeding/ hematoma, seroma, chyle fistula, shoulder dysfunction due to sacrifice of the accessory nerve. Hypoparathyroidism is defined by low levels of calcium in the blood (<2.0 mmol/L) and/or low levels of PTH (<15 pg/mL). Hypoparathyroidism and recurrent laryngeal nerve palsy were classified as transient or permanent based on 6 months after surgery [6] . True bilateral vocal cord paralysis may require tracheostomy to secure the airway (Figure 1(g) ).
Surveillance and follow-up: The patients were followed up every 3 to 6 months for 5 years and annually thereafter, if exhibiting no evidence of disease. These visits included physical examination, neck US (Figure 1 
Results
The median duration of follow-up was 43.50 months. The majority of patients were female (56.6%) and the mean age was 42.73 years. pathology was classic papillary thyroid cancer in (81.6%) patients and included variants such as follicular (3.1%), tall cell (8.2%), columnar (2.0%), solid (1.5%) and sclerosing (3.6%). On pathology review, the Median tumor size was 21.00 mm, 44.4% had multi-focal disease, 34.2% had extra-capsular invasions, 31.6% had extra-thyroidal extension, and 21.4% reported lymphovascular invasion., 79.0% of them went on to receive radioactive iodine treatment after the initial surgery ( Table 2) . Local recurrences occurred in 6.1% of patients ( Figure 1 (j) & Figure 1 (k)). Surgery for advanced thyroid malignancy include partial laryngectomy in 1.02%, total laryngectomy in 1.02%, (Figure 1 (l), Figure 1 (m)) pharyngolaryngectomy in 1.02%, (Figure 1 (n)) tracheal resection in 1.53% and tracheostomy in 5.7% which is permanent in 2.6% and temporary in 3.1% ( Table 3) .
Extent of thyroid surgery and RLN palsy: No RLN affection with thyroid lobectomy/subtotal thyroidectomy and only 10% of temporary with near-total thyroidectomy while total thyroidectomy had 0.7% permanent and 8.1% temporary affection which increased in completion thyroidectomy to 2.7% as permanent and 16.2% as temporary (P value = 0.538) ( Figure 2 By contrast, the incidence of hematoma, which was 1.5% overall, was not associated with the extent of surgery (P = 0.464). Seroma was reported in 7.1% of all patients, Chyle fistula in 2.6%, after lateral neck dissection, accessory nerve weakness leading to shoulder disability in 2% temporary in 1.5%, permanent in 0.5% and wound infection occurred in 1.5%. No perioperative mortality was observed.
Discussion
The rationale of total thyroidectomy is based on several factors including: 1) the high frequency of multifocal disease; 2) the facilitation of RAI ablation of remaining thyroid tissue; 3) the opportunity to follow patients with thyroglobulin levels and 131I scans; and 4) the avoidance of reoperative neck surgery, at low-volume centers may choose to offer a unilateral operation (i.e., lobectomy), near-total or total and subtotal thyroidectomy. Completion thyroidectomy allows for better postoperative monitoring and even makes adjuvant I 131 unnecessary. The risk of recurrence in the contralateral lobe is 5% -24% [7] .
In our study, total thyroidectomy in 87.8% (18.9%) of them are completion The risk of temporary/permanent vocal palsy increased to 12.9%/9.7% in those who had undergone less than total lobectomy in the previous surgery.
Permanent vocal palsy was reported in 14% of the reoperation patients [8] .
Damage of recurrent laryngeal nerve can reach 20% (ranging from 0.7% to 4.5% during the first operation), and while recurrent laryngeal nerve injury has been observed with an incidence of 1% -3% [9] .
In our series, the rate of transient/permanent RLN palsy increased with completion thyroidectomy, No RLN affection with lobectomy and subtotal thyroidectomy and only 10% of temporary of near-total thyroidectomy while total thyroidectomy had 0.7% permanent and 8.1% temporary increased in completion thyroidectomy to 2.7% in permanent, 16.2% in temporary (P value = 0.538).
Hypoparathyroidism is the most frequent complication after thyroidectomy due to the incidental removal of parathyroid glands or poor blood flow to the glands [4] . The incidence rates of transient and permanent hypoparathyroidism increased significantly with increasing extent of surgery mostly due to more ischemic changes to parathyroids. Thus, hypoparathyroidism following thyroid surgery is likely to be due to the drop of blood flow to the parathyroid glands with increasing extent of surgery [4] . The risk of hypoparathyroidism can reach 30% (8% to 13%) in primary procedures [10] . Transient hypocalcaemia has been reported with an incidence of up to 30% [9] , rates of hypoparathyroidism (transient, 31.8%; permanent, 3.6%) with preservation of blood supply to the parathyroid glands [11] . Re-thyroidectomies associated with a higher risk of postoperative complications [11] . Revision surgery of the central compartment places the parathyroid glands at an increased risk of devascularization or inadvertent removal [9] . In our institution, we found that, no hypoparathyroidism in Less than total thyroidectomy, total thyroidectomy associated with temporary hypoparathyroidism occur in 25.9% and completion thyroidectomy associated with temporary hypoparathyroidism in 48.6%, permanent hypoparathyroidism in 5.4%. Completion thyroidectomy has significantly higher temporary hypoparathyroidism (but not permanent) than other types of surgeries (P < 0.001).
Transient hypoparathyroidism is the main complication of CLND. The incidence of transient hypoparathyroidism was reported 40.6% to 42.8%, and 2.4% patients had permanent hypoparathyroidism. Moreover, it was reported that 10.8% patients had hypocalcaemia that required calcium supplementation. Another study indicated only 1.6% patients had permanent hypoparathyroidism [12] . In the present study, the incidence of temporary hypoparathyroidism range from 23.2% to 45.8%. The main cause of temporary hypoparathyroidism may be devascularization of parathyroid glands during dissection. Central compartment neck dissection + modified bilateral radical neck dissection has significantly higher temporary hypoparathyroidism as compared to other node dissection modalities (P < 0.001). Journal of Cancer Therapy Temporary RLN injury is another important complication of CLND and transient RLN palsy was found in 7.4% patients who all recovered within 3 months after initial surgery. Permanent RLN palsy also found 1.0% to 7.0% in some studies, but all recovered within 6 months postoperatively [12] . The RLN is more vulnerable to damage during secondary thyroidectomy [8] . In the present study, the incidence of temporary RLN injury range from 7.3%, to 16.7%, all recovered within 6 months postoperatively while permanent only in 3.9%. These results indicate that dissection can be safely implemented during CLND.
Complications after thyroidectomy when compared with thyroidectomy and CLND, CLND didn't increase the incidence of recurrent laryngeal nerve injury.
It was reported that 1% -2% only of patients who underwent total thyroidectomy experienced permanent hypocalcaemia or permanent RLN injury, and the rate of complications was not increased with the addition of CLND [13] .
In this study, 3.9% of patients had permanent recurrent laryngeal nerve injury, and another 5.4% of patients experienced permanent hypocalcaemia. The rate of transient RLN palsy increased significantly with increasing extent of surgery, whereas permanent RLN palsy was not related to the extent of surgery; this is likely that permanent palsy was caused by invasion of the RLN nerve or accidental injuries.
Radical operations, such as those with increased extent of LND, may lead to clinically important postoperative morbidities shoulder dysfunctions were temporary in duration, and only 1 patient had long-term shoulder dysfunction [14] [15]. In our study, accessory nerve weakness leading to shoulder disability occurred in 2%; temporary in 1.5% and permanent in 0.5%.
Resection of critical structures such as, trachea, and esophagus can be associated with significant morbidity; the most commonly involved structures included trachea (37%), esophagus (21%), and larynx (12%) [4] . Laryngeal and esophageal invasion was observed by Clayman et al. [13] . In our group total laryngectomy in 1.02%, due to extensive laryngeal infiltration and 1.02%, underwent partial laryngectomy, pharyngolaryngectomy in 1.02%, tracheal resection in 1.53% and tracheostomy in 5.7% which is permanent in 2.6% and temporary in 3.1%.
The rate of chyle fistula is dependent on the extent of surgical procedure in the neck. The reported incidence of chylothorax after thyroidectomy with lateral ND ranges from 1.2% to 3.8% [16] . In our study, Chyle fistula had an overall incidence of 2.6%. Tumor size, which was larger than 5 mm, had a stronger relationship with CLNM compared with less than 5 mm. observed that PTMC with tumor size > 7 mm was frequently associated with poor prognosis [17] . In this study, the Median tumor size was 21.00 mm. Capsular invasion is traditionally thought to be predictive for CLNM18. In this research, Capsular invasion was not rare (13.7%), which is consistent with the rate reported by previous studies (9.9% -26.8%) [17] . In our study, 34.2% had extra-capsular invasions. Multifocality occurred in 40.7% of 273 PTMCs, and 62.5% of them had CLNM, which was similar to other studies. Multifocality has been reported in 18% to 87% of Journal of Cancer Therapy patients with PTC [17] . In present study, 44.4% had multi-focal disease. Local recurrences are found in 5% -20% of patients with PTC, two thirds of which are localized to cervical lymph nodes [18] . In our study, local recurrences occurred in 6.1%.
Conclusion
Thyroid cancer surgeries with neck dissection are safe but associated with transient complications, such as transient RLN injury, transient hypocalcaemia whereas; the incidence of permanent complications is very low and not significantly different from that for total thyroidectomy alone. Therefore, an understanding of the relationship between complication patterns and the extent of surgery seems to be crucial for thyroid cancer surgery. Balancing surgical morbidity and long-term benefits, as well as better patient selection, are the keys.
